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THE  INFLUENCE  OF  HEATING  OF  LOM 
PRESSURE  GAS  IN  A  SHOCK  TUBE  OH 
THE  INCREASE  OF  THE  ATTAINABLE 
STAGNATION  TEMPERATURE 


G-  i.-  Gredzovskiv 


7he  problem  of  * '  crease  of  the  attainable 
stagnation  temperature  of  the  gas  fiox  in  a 
shock  tube  is  investigated.  It  is  shoan  that 
for  this  purpose  the  heating  of  low  pressure 
gas  is  advisable-  There  is  analyzed  tne  effect 
of  heating  of  lox  pressure  gas  on  the  increase 
•?*'  the  attainable  stagnation  temperature  in 
flex  behind  the  shock  xave  for  the  case  of  a 
single-diaphragm  cylindrical  shock  tube. 


To  the  gas-dynamics  of  flexs  in  shock  tubes  there  if  dedicate 
a  large  number  of  investigations  (see,  for  example,  [l]-[3])-  The 
main  attention  in  tnese  investigations  is  given  tc  the  problem  c. 
attaining  the  maximum  ratio  of  the  shock  xave  velocity  U  to  the 
speed  of  sound  in  stationary  gas  in  front  of  the  xave  a. : 


xn  ere  ej 

7.  -  static  temperature  of  icx-pressure  gas  before  the 
xave , 


x.  md  R1  -  adiabatic  index  and  gas  constant  of  this  gas. 
?rr  the  simplest  cylindrical  single-diaphragm  shock  tube 


-  1 
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(Fig.  1)  the  maximum  value  of  number  as  is  known , 
with  Infinite  pressure  drop  on  the  diaphragm: 

m  _  _ ti4~I 

•*-“  (H- 1)*.  *.-fK  ^RtTtm 


is  attained 


(1) 


where  subscript  H  notes  the  parameters  of  high  pressure  gas. 


In  accordance  with  relationship  (1)  the  number  grows  with 
Increase  cf  the  temperature  of  high-pressure  gas  and  with  in¬ 
crease  of  its  gas  constant  R^.  Therefore  much  attention  in  [1], 

[3]  Is  given  to  the  pros lens  of  heating  high-pressure  gas  with  the 
use  of  high-temperature  gases  with  low  molecular  weight.  From 
these  positions  the  low-pressure  gas  (T^)  was  considered  cold. 

Vq  investigated  the  problem  of  increase  of  the  attainable 
stagnation  temperature  TQ  of  gas  flow  in  the  shock  tube.  It  Is 
shown  that  for  this  purpose  the  heating  of  low-pressure  gas  Is 
advisable.  This  effect  was  independently  found  earlier  by  Ji.  I. 
Khvostov  by  calculation  for  finite  pressure  drops  on  the  diaphragm. 
Below  or.  the  basis  of  analytical  solution  there  Is  obtained  the 
universal  dependence  of  the  attainable  stagnation  temperature  of 
gas  flow  in  the  shock  tube  on  the  degree  of  heating  of  low-pressure 
gas. 


Let  us  conduct  analysis  for  the  simplest  scheme  of  shock  tube 
for  Ideal  gases  (see  Fig.  1).  The  obtained  results  can  be  spread 
to  the  cases  of  more  complex  schemes  and  fcr  gases. 


Q) 


i  ®  i  ®  i 


Fig-  1.  1  -  high-pressure  chamber; 

2  -  low-pressure  chamber;  3  - 
diaphragm;  $  -  shock  wave;  5  - 
contact  surface;  6  —  centered  rare¬ 
faction  wave. 
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The  stagnation  temperature  of  gas  flow  in  region  2  (behind 
the  shock  wave),  naturally,  depends  on  the  flow  velocity  *  V 

and  parameters  of  low-pressure  gas-  The  limiting  value  of  gas  flow 
velocity  ¥  is  achieved  with  infinitely  large  pressure  drop  on  the 
diaphragm,  the  value  cf  ¥gaT  depends  only  on  the  parameters  of  high- 
pressure  gas: 

(2) 

For  fixed  value  of  V  we  core  to  the  problem  of  saxisua  attain¬ 
able  stagnation  temperature  Tq  in  the  flow  behind  the  shock  wave  in 
gas,  compressed  by  a  piston  roving  at  speed  ¥  (the  contact  surface 
plays  the  role  of  piston,  see  Fig-  !}. 

From  equations  of  propagation  of  the  shock  wave  it  is  possible 
to  obtain  the  following  expression  for  the  relative  flow  velocity 
behind  the  shock  wave: 


v  v 

_  ra  '  gSj  -  -  - 


-Ms  J 


i 


(3) 


Ths  gradient  of  static  temperatures  on  the  shock  wave 

is  det«rsined  by  known  relationship 


,*E  — 


(*> 


Accordingly  ratio  of  the  sought  stagnation  temperature 
Tq  in  the  fisw  behind  the  shock  wave  to  the  static  temperature  of 
low-pressure  gas  T%  can  be  written  in  the  fora 

(5) 


whence  follows  the  expression  for  the  dimensionless  value  of  stagna¬ 
tion  temperature  in  the  flow  behind  the  shock  wave 

v  r«  /f*J  .  3— 1 

”<cyyT^'  (6) 
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One  should  consider  that  according  to  equation  (3)  to  each 
value  of  parameter  Ji,  there  corresponds  a  certain  value  of  relative 
flov  velocity  behind  the  shock  wave  (speed  of  piston)  V/a,. 


Figure  2  shows  the  change  of  the  dimensionless  value  of 
stagnation  temperature  depending  on  the  relative  velocity  V/a^ . 

It  is  evident  that  with  assigned  value  of  flow  velocity  V  behind  the 
shock  wave  (soeed  of  piston) ,  Increase  of  the  temperature  of  low— 
oressure  T^,  leads  to  increase  of  the  attainable  stagnation 
temperature  TQ.  So,  for  example.  If  parameter  was  in  the  range 
10  <  w,  <20,  then  with  heating  of  low-pressure  gas  in  the  shock 
tube  It  Is  possible  to  raise  the  stagnation  temperature  TQ  in  the 
flow  behind  the  shock  wave  by  more  than  twice. 
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